We demonstrate the plasmonic quantum cascade laser antenna, that can confine midinfrared radiation beyond the diffraction limit, by integrating gold optical antennas on the laser facet. A compact subwavelength coherent radiation source operating in the mid-infrared regime is crucial for resolving nanometric features of a biological or chemical specimen in its fingerprint region [1] . Conventional Fourier transform infrared (FTIR) microscopes offer resolution down to only a couple microns. However, many interesting features are much smaller than this resolution. Near-field scanning optical microscopes (NSOMs) were introduced in order to break this so-called diffraction limit. There are two main approaches to NSOMs; namely the aperture and apertureless NSOMs. In reality only the latter is practical for mid-infrared since the former has almost zero power throughput due to the aperture being much smaller than the wavelength.
A mid-infrared apertureless NSOM [6] is utilized to measure these aforementioned enhanced near-fields localized in the antenna gap (Fig 2) . The near field distribution of our multimode laser was measured before fabrication for accurate positioning of the antennas on the mode maxima. After this initial step, the Al 2 O 3 and the Au layers were deposited on the laser facet. Next the Au on the mode maxima is milled away in order to define our antenna structures that are designed to have the first resonant length of λ eff = 0.8 µm. For near-field antenna measurements, the QCL is operated in pulsed mode with a repetition rate much higher than the tapping frequency of the gold-coated a1533_1.pdf JMA6.pdf ©OSA 1-55752-834-9 atomic force microscope (AFM) tip. The mid-IR radiation scattered by the AFM tip is collected and focused onto a mercury-cadmium-telluride (MCT) detector. The signal from the MCT detector is then fed into a lock-in amplifier set to operate at the second harmonic of the tapping frequency of the AFM tip. We utilized the nonlinear interaction of the AFM tip with the near field of the antennas to discriminate the latter from the signal background [7] . By scanning our sample we simultaneously measured the topography and the near-field distribution of the antennas (Fig  3) . The near-field line-scan of our device in Fig 3(c) shows that we have achieved a 100 nm sharp optical spot in the antenna gap for a wavelength of 5.35 µm.
In summary, we have experimentally demonstrated the first plasmonic QCL antenna. This new device can provide an optical resolution of λ/50 at mid-IR wavelengths. We estimated the peak intensity in the gap to be 3.5x10 7 W/cm 2 owing to the intensity enhancement due to the antenna structure. Since our device utilizes a QCL, that is the only semiconductor coherent light source in mid-IR regime, high power levels with high spatial resolution are achievable. This compact device can add a new dimension to high resolution chemical and biological imaging and sensing. We acknowledge support from the AFOSR (MURI on Plasmonics) and NSF NSEC. 
